O ur ability to model or predict changes in marine-based glaciers or ice sheets due to warming temperatures or rising sea level is limited by an inadequate understanding of the character of ice shelf/ice sheet grounding zone systems (GZSs) (1-3). Atmosphere and seawater temperature variation force changes in ice mass transfer to the oceans (4); however, the removal of ice shelf buttressing is also critical in regulating glacier response (5) (6) (7) . In February to March of 2002, the Larsen-B Ice shelf (LIS-B) catastrophically collapsed, with a loss of~3250 km 2 of floating ice (8) . Tributary glaciers that had fed into the ice shelf system-including the Crane and Hektoria Glaciers-accelerated considerably after the collapse (5) (6) (7) . After this was a rapid recession of the ice-calving fronts of the glaciers and transition to a tidewater glacier character (9) . The events revived the thinking that linkages between grounded glaciers and ice shelves are indeed critical, more so than recently assumed (10) , but underscored the need for detailed knowledge of the characteristics of GZSs and GZS transitions in ice-shelf and tidewater glacier systems.
A swath bathymetry survey in 2006 imaged the inner-shelf sea floor of the Larsen-B embayment that was exposed after the ice shelf collapse (Fig. 1A) . The extensive arcuate GZS at the entrance to Crane Fjord is a large sedimentary prism seaward of a local bathymetric divide, which has a variable depth between 690 and 660 m. The grounding zone to the south appears to run parallel to a terrace at 600 m depth, whereas its expression in the drainage of the Jorum/Punchbowl system is less clear because of the steep crystalline bedrock slope that dominates the intervening headland (11) . The GZS prism tapers relatively gently seaward and is steeper landward. Elongated ridges subparallel to the axis of the Crane Fjord, similar to subglacial lineations observed elsewhere on the Antarctic margin (12, 13) , are interpreted as fluted subglacial bedforms [such as mega-scale glacial lineations (MSGLs)]. A series of furrows curve toward the southeast as a result of the ice flow from the Jorum/Punchbowl system, and a pad of fluted sediment marks the central axis of the Crane Fjord. A set of relict channels (in an irregular pattern of salients and reentrants) also appears to crosscut the arcuate furrows on both the lee and stoss side of the GZS. These features collectively mark episodes of decoupling from the GZS, beginning with the formation of the arcuate ridges, followed by cross-cutting of channels and then deposition of the central fluted pad of sediment.
Sediment cores from the Larsen B embayment address the question of whether this GZS served to anchor the LIS-B before its 2002 collapse. Core NBP0603 KC-10 was recovered from the top of the GZS. The boundary between the diamicton (Unit 1) and the overlying sediments dates back at least 11,000 years ( Fig. 2 and supplementary materials), indicating that this GZS was abandoned at termination I. The timing of glacial ice liftoff is supported further by a radiocarbon-based chronology from three other sediment cores, where the same stratigraphy was observed (Figs. 2 and 3 ). These observations of the GZS do not agree with the location of the grounding zone as inferred from satellite images (14) , and the sediment core data reveal that glacial ice was not grounded here immediately before the 2002 LIS-B collapse. The reason for the misplacement of the grounding line by (14) is unclear, but thick floating ice inside a relatively narrow channel would exhibit reduced tidal bending, as would have been the case with the Crane Glacier at this time. It is possible that a rift and/or structural arch in this area would mimic the appearance of a grounding line. The abandonment of the large GZS relatively early (before 11.7 thousand years ago) with respect to Holocene events suggests that retreat of grounded ice within the LIS-B embayment was driven by processes similar to those that drove shelf-wide recession across the NW Weddell Sea continental shelf (15) . We suggest that this innermost retreat into the deep troughs of the Nordensköld Coast was tied to late stages of global eustatic forcing coupled to retreat of global glacial cover. The sedimentology and facies relationships of sediment cores just seaward of the Crane Trough (in Exasperation Inlet) demonstrate a rapid recession of the ice sheet system across the inner shelf, which occurred 12.5 thousand years ago (Figs. 2 and 3 and fig. S1 ). The chronologic data we present (table S1), combined with existing published data further seaward (11), establish recessional rates of the grounding line within the main axis of the LIS-B embayement of~100 m/year during the period from 12.3 thousand to 11.7 thousand years ago, comparing favorably with ice sheet/shelf recessional rates obtained for the same period in the western Ross Sea (16) .
Further, geophysical data, combined with Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) imagery, can be used to determine the location of the LIS-B pre-collapse grounding line in the Crane Fjord (Fig. 1) . The Crane Trough consists of three very deep (>1000 m) and narrow (~1 km wide) elongated basins separated by more elevated crests, each representing the threshold of the upslope basin. The floor of the basins shows a flat morphology, which is typical of a subsequent sedimentary filling under subaqueous conditions. The upper basin is not fully charted and shows the presence of MSGLs subparallel to the axis of the fjord. We interpret this morphology as the result of deposition of till beneath grounded ice. On Arctic continental margins, the same interpretation is given to similar associations of thresholds and MSGLs (17) . The fact that the ice was grounded in the fjord is confirmed by the single-channel seismic data, whose landward overdeepening and stairway geometry between its three basins can be explained best by the carving action of ice (18) . The 2001 ASTER Digital Elevation Model (DEM) profile locates the pre-collapse grounding zone of the Crane Glacier portion of the LIS-B at the threshold between the upper and the middle basin, >13 km from the large GZS described above (Fig. 1B) . The stability of the LIS-B through the Holocene (10) thus was not dependent on grounding at a large GZS; instead, collapse was forced by surface melt processes (6) .
Well-layered, undisturbed sediments extend for at least 40 m below the lower (outermost) basin (Fig. 4) . This thickness is exceptional for an inner-shelf deposystem that has been covered by an ice shelf until only a few years ago (19) . Seismic data show that the layered fill is underlain by at least two other seismic units of variable thickness and complexity (Fig. 4) . In dip profile, this wedge-shaped unit slopes rapidly landward, beneath the middle basin, and subsequently dips seaward beneath the layered fill of the lower basin. Internally, it shows mounded, low-amplitude reflectors terminating landward with marked downlap and seaward progradation. In strike, the sediments at the base of this unit have a relatively high sound velocity (~1700 m/s), as indicated by the analysis of the diffraction hyperbolas. The lowest identified unit is more complex, poorly defined, and characterized by hummocky, irregular, high-amplitude reflectors. Its top shows alternating ridges and troughs in strike profile, which match the morphology of the thresholds between each basin.
The above observations allow us to reconstruct the relative succession of events that generated the sedimentary deposits within the Crane Fjord. Similar to other overdeepened basins on the Antarctic inner shelf (20) , this fjord has been carved, likely along structural lines of weakness, by grounded ice. The last time the ice was grounded within the fjord is represented by the top of the lowest identified unit (Fig. 4) . Its geometry of alternating troughs and ridges matches subglacial bedforms exposed across adjacent thresholds. Furthermore, the hummocky character of underlying reflectors is consistent with deposition of subglacial till at the glacial bed. Conversely, the overlying wedge-shaped unit with its top sloping rapidly landward suggests the development of a grounding zone, beyond which a body of water separated the base of the ice from the sea floor, such as a "subglacial lake" (21) . Its geometry and the internal prograding reflectors resemble those of subglacial deltas identified elsewhere along Antarctic grounding zones (20) .
This delta may have developed in a subglacial lake setting similar to that inferred for features in the Northern Prince Gustav Channel (13) and the Palmer Deep basin (19, 22) .
The overlying layered seismic unit was clearly deposited subaqueously. Core KC-8 collected near the intersection of profiles NBP0603-04 and -06 (Figs. 1 and 3) suggests that the uppermost sediments resulted from the accelerated ice discharge (rafting) from the Crane Glacier after the breakup of LIS-B and seasonal slumping of debris along the flanks of the Crane Fjord ( fig. S2 ). This 2.7-m core shows clear meter-scale grain-size alternation between a fine silt facies (virtually devoid of sand) and a sandy silt facies (sand fraction up to >50%) (Fig. 2) . The presence of well-preserved diatoms commonly associated with the sea ice environment suggests that the entire 2.7-m-thick sequence was deposited in open marine conditions with annual sea ice (not sub-ice shelf)-conditions that are known to have been present only since austral (23) , data indicate that advection of diatoms has not been observed beneath the LIS-B (11, 24) . Our observations as well suggest the absence of advection of diatoms underneath the LIS-B because these cores also document the opening of the Larsen B embayment, the associated increase in diatom abundance, and the lack of diatoms below the uppermost part of the cores, except in NBP0603 KC-8 (Fig. 2) . The pristine condition of the frustules coincides with high water content with generally finer grain size, pointing to the very recent and rapid deposition of the valves at the sea floor and very limited transport. This core is interpreted to represent just over (Fig. 3 and fig. S2 ). The sandy intervals are interpreted as summer turbidites, deposited when open water and surface melt would contribute to slope instabilities along the walls of the fjord and within the glacier terminus system (Figs. 2 and 3 and  fig. S2 ).
Downward extrapolation of the~2 m/year sedimentation rate estimated from core KC-8 suggests that only the uppermost~6 m of sediment in the lower basin were deposited after LIS-B breakup, corresponding to the layered reflectors ("recent fill") identified in the seismic reflection data (Figs. 3 and 4) . The remainder of the sediments imaged in the lower basin, (25) . The ponded morphology and acoustic stratification of the sediments support this interpretation (Figs. 1 and 4) . The middle basin likely contains a sediment sequence similar to that observed in the lower basin. In its position landward of the 2001 grounding zone (Fig. 1) , the deep upper basin may have existed as a subglacial lake through the Holocene (21) .
As estimates for projected sea-level rise over the next century continue to be revised from recent Intergovernmental Panel on Climate Change forecasts, the stability of GZSs need further evaluation. Relict GZSs now observed from several offshore troughs on the Antarctic continental shelf record a time of extreme rates of sea-level change in the Quaternary (19, 26, 27 ). Yet, "modern" GZSs found near critical regions are interpreted to have been abandoned within recent decades, which is coincident with feedbacks in ice-shelf basal melting, grounding line recession, and ice-sheet thinning (28) . The stability of the LIS-B with its GZS through the Holocene and their recent rapid collapse suggests strong sensitivity to surface warming. This adds to the scenario of instability now facing Antarctic glacial masses and must invigorate continued examination of GZS in spite of difficulty in access, logistical risk, and competing resources. and 3. F.Z. collected, processed, and interpreted seismic reflection data aboard cruise NBP0603 and wrote sections of the paper dealing with interpretation of the reflection data. C.L. processed multibeam data, drafted Fig. 1, and * Pigment patterns are useful for elucidating fundamental mechanisms of pattern formation and how these mechanisms evolve. In zebrafish, several pigment cell classes interact to generate stripes, yet the developmental requirements and origins of these cells remain poorly understood. Using zebrafish and a related species, we identified roles for thyroid hormone (TH) in pigment cell development and patterning, and in postembryonic development more generally. We show that adult pigment cells arise from distinct lineages having distinct requirements for TH and that differential TH dependence can evolve within lineages. Our findings demonstrate critical functions for TH in determining pigment pattern phenotype and highlight the potential for evolutionary diversification at the intersection of developmental and endocrine mechanisms.
V
ertebrates exhibit a stunning variety of pigment patterns, yet the mechanisms underlying pattern development and evolution are only beginning to be discovered. Among the most conspicuous and elaborate patterns are those of teleost fishes, which function in mate choice, shoaling, camouflage, and speciation (1-3). In the zebrafish Danio rerio, the adult pattern comprises dark stripes of black melanophores and a few iridescent iridophores, alternating with light "interstripes" of yellow/ orange xanthophores and abundant iridophores, all within the hypodermis, between the epidermis and myotome (4) (Fig. 1A) . Short-range and
